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TANK TESTS OF A 1/7-SIZ:BJ DYNAMIC MODEL OF THE GRUMMAN XJREF-1
AMPETBIAN TO DETERMINE THE EFFECT OF SLOTTED-
YD SPLIT-TYPE FLAPS ON TAKE-OFF STABITITY - FACA MODEL 212
' TED NO. NACA 2378 '

By Norman S. Land and Howard Zeck

SUMMARY

LA

Additional teste of a 1/7~size model of the Grumman XJR2F-1
amphibian were made in Langley tank no. 1 to campare the behavior
during teke-off of the model equipped with split~ emnd slotted-~
type flaps. The slotted flap had a large effect on locating the
forward center-of~-gravity limite for stable . take-offs. Stable
take-offs within the normal operating range of posltions of the
center of gravity could be made with the split flaps deflected 45©
or with the slotted flaps deflected less than 20°. At flep
deflections required for similar take-off stablility, the use of
. split flaps resulted in lower take-off _speeds than the use of slotted

flaps. An increese in forward acceleration fram 1.l to 4.8 feet
per second -per second moved the, center-of-gravity limit forward
aprroximately 3-percent mean asrodynsmic chord.

INTROIUCTION

The teke-off and lending stability of a 1/7-size powered dynamic
model of the Grummsn XJRZF-l amphlbian with slotted flaps has been
described In reference l. These results indicatsd that the range
of positliong of the center of gravity for.stable take~off was well
aft of the desired overating ramge 1T flap deflections of 20° or
more were used. In order to htake off fram rough water at as low a
apeed as possible, this airplane was supposed 10 have satisfactory
take-off stability with flap deflections of )+5° With such large
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2 L NACA BM No. LTAOT

deflections of the slotted flaps, the bow-down aserodynamlc pitching
moments caused excessive lower-limit porpoising.

Additional tests of the model with the flap design changed
from the orlginel slotted flap to a split flap of the same plan
form area was requested by the Buremu of Aeroneutics in their
letter of March 27, 1946, Aer-RD~62-FWSL. It was requested that
the tests Include the determination of the forward limits of the
center of gravity for steble take-offs with the stabillzer
incidence decreased emd elevators gt -30°C in cambination with the
gsplit flep and slotted flap. It was thought that the reduction
in aerodynsmic pltching moment with the split~type £lap would be
great enough to permit steble take-offs with full down flaps at
forwsrd positione of the cemnter of gravity.

In accordence with the request of the Bureau of Aeronautics,
Navy Depertment, the forward limits for stable positioms of the
center of gravity were determined with both types of flaps. These
data were obtained at two rates of forward acceleration. Sufficient
aerodynamic tests were made to determine the approximate 1ift and
pitching-moment characteristics with the two types of flaps.

DESCRIPTION OF THE MODEL

The principal dimensions and general errangement of the model
are presented in reference 1. The stabllizer was set at -2 .59 to
the wing chord in accordance with chenges that had besn made in
the design of the full size. The angle of incidence of the stebilizer
1y 2° lese than that used during the tests described in reference l.

The split flaps had the same plan form area as that of the

gslotted flaps. The tip mectlons of the slotted and split flaps are
shown in figure 1.

APPARATUS AND FROCEDURE

The test procedure was similer to that used in reference 1.

Unless otherwise specified, the following conditlons were
maintained for all of the teste:

Stebilizer, 2.5° to base line
ILeading-edge slets on wing
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Poeition ‘of center of gravity |
Verticel position, 16.06 inches sbove keel at step '
Horizontal position, 25-percent M.A. C.

Full power, TiO0 rpm, 1120 blade angle at’ _3/1L radius
Nose-wheel drains gsealed : -_ c S s : H

Step vented. to :Lnterior of hull through main wheel
well comparment

The trim wae referred. to the be.se line of modsl
Monents -_t_end_ing to ra.ise the bow Wwere cor_lsid._ered..posiﬁive

A gross load of 65.2 pounds corresponding to full-scale design
gross load was uged for all of the take-off stabllity tests. The .-
forward limits for stable positions of the center of gravity during -
take~off were determined with full power and-slevators deflected -30°.
Records were taken of the time history of trim and ‘speed - during
teke~-off.. Where possible these recdords were supplemented by visual’ ;
observations of maximum amplitude of porposing and trim. AY1 center- '
of~gravity limits were determined for two rates of accelerat:l.en,

1.1 and 4.8 .feet per second per second, At the higher rate of
acceleration, 1t was sometimes difficult to determline whether or not
the model was starting a cycle of porpoisming. The motion was not
considered porpoising unless a complete oscillation in trim occurred.

" For the aerod,ynamic tests, which were m.ad.e with full power,
the aerodynamic 1ift and pitching moments were d.e'bermined. for a
range of speeds fram 22 to 35 feet per second. .

RESULTS D DiSCUS_SIO_N . . |

‘The variation of the trim with speed. during take-off with the
slotted flaps deflected 5°, 15°, 20°, and 45° is presented in
figures 2 to 5, respectively As the flap deflection was increased,
the free-to-trim tracks were lowered and, with flaps deflected 45°
and the center of gravity at 32-percent msen aserodynamic chord, lower
limlt porpoising occurred over most of the teke-off run. Since the
-.elevators were already full up, a recovery from this porpoising was
not poassible. . o .

The variation of the trim with speed. for snlit :E‘laps deflected
50 is preeented in figure 6. At positions of the center of gravity
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of 20 percent and 22 percent meen aerod,yna.mic chera. “Lower limit
porpoising occurred during most.of. the ‘take-aff s The trim tracks
were similer to those with 45° slotted -flaps end the c¢enter of
gravity at 30 percent and 32 percent mean aserodynamic chord. .Stable
take-offe with split flape (£ig.. 6) therefore were posgible at more
forvard positions of the center of gravity then with slotted flaps
at the same deflection (fig. 5).

The maximum amplitude of -poypoising is ple’ctad ageinst. positicn
of the center of gravity in Figures 7 and B. Assuming an amplitude
of 2° as the maximum permissible porpeising during take-off, these
results may be summarized as a plot of flap deflection against
forward limit for the center of gravity, figure 9. The large shift
in the forward limi§. with chenge in flap deflection of the slotted
flape 1s clearly”shown in this figure. A chenge in flap deflection
from 5° to 45° shifted the forvard limit eft 12-percent mean.asro- .
dynemic chord. Satisfa.ctorx take-of f stability &t positions of the . .
center of gravity forwerd of 23 percent mean aerodynamic chord is
posaible anly it the deflection of the slotted £iaps 'is less them..

"The 'Porwerd 1imit, with the split flaps dsflected 159, is. :
approxjmatel{ the same a.a tha-b e'bta.ined. w:l’ch ’che slotted. fla.pe ) .
deflected. L e e

The effect of a.cceleration on the trim tra.cks 1s shown in .
flgures 2:to- 6. In general, the trim tracks' at rates of accaleration
of 1.1 swnd 4B feet per secend per secepd, respectively, are : S
approximately the seme’ ‘sx¢ept at speeds where porpoising occurred. .

The perlod of the oscillation in trim dwring porpolsing. was e.pproxi« _
mately the ‘seme dat both ra.tes of e.ccelere.tion. The effect of
acceleration ' on. the forward Iimit fo;r- ihe center of: gravity is shown
in figuwre 9. An increase in acceleration of 3.7 feet per second

per second shifted the forward limit forward approxime.tely 3-percent
. mean aercdynamic chord. e TR

The aerodynemic 1lift end pitching moment is plotted against speed
in Pigures 10 to 13 for slotted flaps deflected 0°, 10°, and ¥5° and
for split flape deflécted 45©. For similay take-off sta‘b:llity at
forward vositions of the center of gravity, it-has been shown that

a 121 deflection “of the glotted flap is approximately eguivalent
to & h5° deflection of the 8plit flapa. From 8 comparison of the
1ifts of the slotted and’ split fla.ps it. will be noted .that at deflec tions

of the flaps .For similar take- ofs eta‘bility , the use of spllt flaps
would result in lower take-off speeds t.han 'bhe use of slotted. flaps.

In order o enable comparisons to be m&éhe o:E' the d.a.'ba in this
report wlth that presented In reference l a :E'ew take-offs were made
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with the stabilizer setting of 4.5° to the hull bese line and
elevators deflected -300. These results are presented in figure 1k
and may be compared with data obteined at the new stebllizer setting
of 2.5° to the hull base line presented in Pigure T{c). The change
in stebilizer had only a small effect on the maximum smplitudes of
porpolaing and consequently on the forward 1imit for the cenfer of
gravity.

CANCLUSIONS

Tests of a 1/7-size dynamic model of the Grummen XJR2F-1 emphibian
showed that:

1. An increase in forward acceleration from 1.l feet to 4.8 fest
Per second per seccond moved the forward limit of the center of gravity
forwvard approximately 3 percent mean serodynsmic chord.

2. With a deflection of the slotted flaps of 45° take-off stebility
1s satisfactory at positions of the center of gravity aft of 32 percent
mean aerodynamic chord at the higher rate of forward accelsration.

3. With a deflection of the split flaps of 45° take-off stability
is satisfactory at positions of the center of gravity aft of 22 percent
mean asrodynemic chord at the higher rate of forward acceleration.

. The forward center of gravity limit with split flaps deflected
o (o]
45~ 1s epproximately the same as that with slotted flaps deflected 12% .

For a similar range of stable positions of the center of gravity
for take-off, the use of split flaps resulis in lower take-off
speseds than the use of slotted flaps.

lengley Memorial Aeronautical Leboratory
Netlonael Advisory Committee for Asromauvtics
Langley Fleld, Va.
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FIGURE 1.~ MODEL 212 . COMPARISON OF TIPSECTION OF
SLOTTED AND SPLIT TYPE FLAPRPS.
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